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COMPOSITE REPAIR COMPONENTS WITH
CUSTOMIZABLE SHIMS

FIELD

Aspects of the present disclosure relate to repair compo-
nents for composite structures. More specifically, this dis-
closure relates to a system of prefabricated repair compo-
nents, including shims, that provide for quick and eflicient
repairs to damaged portions of composite structures.

BACKGROUND

Fiber-reinforced plastics, such as epoxy-based carbon
fiber-reinforced plastic (CFRP) composites, have high
strength-to-weight ratios and increased durability. These
advantages have led to the wide use of composite structures
formed from CFRPs in the aerospace industry (e.g., as
structural/frame components of aircraft), as well 1n various
other industries.

While fiber-reinforced plastics have many advantages, the
repair ol composite structures formed from fiber-reinforced
plastics can be time-consuming and, therefore, expensive.
For example, once a CFRP material 1s cured 1in a certain size
or shape, the part 1s geometrically locked to that size and
shape. Challenges arise when a part formed with CFRP
material 1s damaged and requires repair, particularly when
the part has a curved or complex geometry. This often leads
to the need for custom repair parts that are fabricated for a
specific damaged component.

Existing processes for repairing a damaged CFRP or
composite part include creating a tooling surface and fab-
ricating an overlay part to match the part geometry. These
processes can be time consuming and result in added delay
to getting the composite structure back into useful service.
Providing prefabricated repair components which are usable
across many different structures/members in a composite
structure system remains a challenge.

SUMMARY

One general aspect includes a repair component for a
composite member. The repair component may include: a
first flange section, a second flange section, and a repair
section between the first flange section and the second flange
section. The repair section 1s positioned over at least a
damaged section of the composite member. The repair
component also includes at least one shim component posi-
tioned on a first side of the at least one of the first flange
section, the second flange section, and the repair section to
{111 an air gap on the first side.

Implementations may include one or more of the follow-
ing features. The repair component where a repair surface of
the repair section faces an external surface of the composite
member, and where the air gap 1s between the repair surface
and the external surface.

In one aspect, 1n combination with any example repair
component above or below, an external cross-sectional pro-
file defined on the external surface of the composite member
may include a hat-stiffened structural profile.

In one aspect, 1n combination with any example repair
component above or below, the repairr component may
include a first surface on the first flange section, the second
flange section, and the repair section. The first flange section
may include a second surface opposite the first surface. The
second flange section may include a third surface opposite
the first surface. The repair component may further include
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a plurality of bolt holes, where each bolt hole of the plurality
of bolt holes 1s formed through the repair component from
the first surface to one of the repair surface, the first surface,
and the second surface, and through the at least one shim.
The repair component 1s attached to the composite member
via a plurality of fastened bolts, where each fastened bolt of
the plurality of fastened bolts 1s positioned in a respective
bolt hole of the plurality of bolt holes.

In one aspect, in combination with any example repair
component above or below, the composite member may
include a stringer component 1n an aircratt.

In one aspect, 1n combination with any example repair
component above or below, the repairr component may
include a composite matenal.

In one aspect, 1n combination with any example repair
component above or below, the repairr component may
include a fabrication length, where the repair component 1s
cut down to a selectable length shorter than the fabrication
length, prior to attachment to the composite member.

One general aspect includes a repair system for a com-
posite structure system. The repair system may include: a
total set of repair components may include a plurality of
repair component subsets. Each repair component in a
respective repair component subset may include features for
repairing a subset of composite members in the composite
structure system and a set of prefabricated shims configured
to 111l an air gap between a damaged composite member and
a selected repair component from the total set of repair
components.

Implementations may include one or more of the follow-
ing features. The repair system where each repair component
subset of the plurality of repair component subsets may
include: at least one repair components that includes sizing
dimensions suitable to repair the subset of composite mem-
bers. In one aspect, each repair component of a repair
component subset may include: a first flange section, a
second flange section, and a repair section between the first
flange section and the second flange section. The repair
component may include an internal cross-sectional profile
defined on a repair surface of repair section, where the repair
section 1s positioned over at least a damaged section of a
composite member of the subset of composite members,
where the repair surface faces an external surface of the
composite member, where the air gap 1s between the repair

surface and the external surface, where the composite mem-
ber may include an external cross-sectional profile defined
on the external surface, and where the internal cross-sec-
tional profile matches the external cross-sectional profile
within a given tolerance.

In one aspect, in combination with any example repair
system above or below, the external cross-sectional profile
may include a hat-stiffened structural profile.

In one aspect, 1n combination with any example repair
system above or below, each repair component may include
a first surface on the first flange section, the second flange
section, and the repair section, where the first flange section
may include a second surface opposite the first surface,
where the second flange section may include a third surface
opposite the first surface, and where the selected repair
component further may include a plurality of bolt holes,
where each bolt hole of the plurality of bolt holes 1s formed
through the selected repair component from the first surface
to one of the repair surface, the first surface, and the second
surface, and where the selected repair component 1s attached
to the damaged composite member via a plurality of fas-
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tened bolts. Each fastened bolt of the plurality of fastened
bolts 1s positioned 1n a respective bolt hole of the plurality

of bolt holes.

In one aspect, 1n combination with any example repair
system above or below, the composite structure system may
include an aircraft, where the subset of composite structures
may include a plurality of stringer components in the
aircraft, and where the damaged composite member may
include a stringer in the aircratt.

In one aspect, 1n combination with any example repair
system above or below, each repair component and each of
the at least one shim may include a composite material.

In one aspect, each repair component may include a
tabrication length, where a respective repair component 1s
cut down to a selectable length shorter than the fabrication
length, prior to attachment to the damaged composite mem-
ber.

One general aspect includes a method for repairing a
composite member. The method may include: determining
an air gap between a positioned repair component and a
composite member, selecting at least one shim component
from a repair component system to fill the air gap, position-
ing the at least one shim to fill the air gap, and attaching the
positioned repair component and the at least one shim to the
composite member.

Implementations may include one or more of the follow-
ing features. The method including selecting a repair com-
ponent for a damaged section of the composite member from
the repair component system based on an external cross-
sectional profile of the composite member, and positioning
the repair component over the damaged section such that a
first flange section of the repair component 1s positioned on
a first side of the composite member, a second flange section
of the repair component 1s positioned over a second side of
the composite member, and a repair section of the repair
component, between the first flange section and the section
flange section, 1s positioned over at least the damaged
section of the composite member.

In one aspect, in combination with any example method
above or below, the repair section may include an internal
cross-sectional profile defined on a repair surface of a repair
section, where the repair surface faces an external surface of
the composite member, where the composite member may
include an external hat-stiflened structural profile defined on
the external surface, and where the i1nternal cross-sectional
profile matches the external hat-stiffened structural profile
within a given tolerance.

In one aspect, the repair component may include a first
surface on the first flange section, the second flange section,
and the repair section, where the first flange section may
include a second surface opposite the first surface, where the
second flange section may include a third surface opposite
the first surface, and where the repairr component may
turther include a plurality of bolt holes, where each bolt hole
of the plurality of bolt holes 1s formed through the repair
component from the first surface to one of the repair surface,
the second surface, and the third surface. Attaching the
positioned repair component to the composite member may
include: positioning a plurality of bolts through the plurality
of bolt holes such that the bolts pass through the repair
component and the composite member, and fastening the
plurality of bolts to secure the repair component to the
composite member.

In one aspect, 1n combination with any example method
above or below, the method may include: determining a
selectable length for the repair section based on a lateral
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length of the damaged section of the composite member, and
cutting the repair component from a fabrication length to the
selectable length.

In one aspect, 1n combination with any example method

above or below, the composite member may include a
stringer component 1n an aircrafit.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

So that the manner 1n which the above recited features can
be understood 1n detail, a more particular description, briefly
summarized above, may be had by reference to example
aspects, some of which are illustrated in the appended
drawings.

FIG. 1 depicts an example composite structure system,
according to one embodiment.

FIG. 2 1s a sectional 1llustration of composite members 1n
a composite structure system, according to one embodiment.

FIGS. 3A-3C 1llustrate composite members with varying
geometries, according to embodiments described herein.

FIGS. 4A and 4B illustrate a repair component for a
composite member, according to embodiments described
herein.

FIGS. 5A and 5B illustrate a repair system for a composite
structure system, according to one embodiment.

FIG. 6 1s a flowchart for a method to repair a composite
member using a repair system, according to one embodi-
ment.

FIGS. 7TA-7B illustrate steps 1n a method to repair a

composite member using a repair system, according to one
embodiment.

FIGS. 8A-8C illustrate steps 1n a method to repair a
composite member using a repair system, according to one
embodiment.

DETAILED DESCRIPTION

As described above, carbon fiber-reinforced plastic
(CFRP) composites (herein composite(s)) are an increas-
ingly important material used 1n a wide variety of industries
including aerospace, automobile, marine, and other appli-
cations. These composite materials provide many advan-
tages due to their light weight and relatively high strength
and durability. However, repairing damaged composite
structures can be diflicult and expensive.

In some examples, repairing a damaged metallic member
1s often achieved using a preformed generic or near-generic
metallic repair piece and then altering the metallic repair
piece to fit the damaged section of the metallic member (e.g.,
through hammering, welding, or other metal-working pro-
cesses). In contrast, composite materials have low malle-
ability once cured and generally cannot be altered during a
repair process. Thus, repairing a damaged composite struc-
ture typically requires a custom composite repair component
to be fabricated that will fit the damaged section of the
composite structure.

Additionally, composite structure systems oiten have a
large variety of composite members with varying shapes,
thicknesses, etc. For example, an aircraft utilizing composite
structures may include many composite members where
cach composite member also has a varying structure at
different points on the composite member (e.g., a curved
member, etc.). This results in thousands of locations with
unique geometries or shapes on the individual composite
members 1 a composite system. Providing prefabricated
repair components for each of the thousands of unique
locations presents an mventory and logistical challenge for
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operators and manufacturers. For example, an aircrait manu-
facturer or an airline operator would need to fabricate and
store an inventory of thousands of unique repair components
in order to provide quick repairs to the composite members.

The repair systems, repair components, and methods
described herein provide for repairing composite structure
systems using a set number of prefabricated repair compo-
nents including a repair component and various shims which
are fabricated to repair multiple composite members 1n a
composite structure system.

FIG. 1 depicts an example composite structure system,
according to one embodiment. In FIG. 1, the composite
structure system 1s an aircrait 100; however, the various
composite structure systems described herein may include
any type ol composite structure system, including any
vehicular (e.g., automotive, space, and marine vehicles, etc.)
or non-vehicular application. The repair components and
repair component system described heremn may also be
utilized 1n any of these applications.

The aircrait 100 includes an airframe 110 and a propul-
sion system 115. The airframe 110 1ncludes a pair of wings
125 extending outwardly from a fuselage 120. The airframe
110 also includes a tail section 130 having a horizontal
stabilizer 134, a vertical stabilizer 132 and/or other control
surfaces normally associated with an aircrait. Each part of
the airframe 110 may include skin members 140 which may
be internally supported by structural components as shown
in 1 more detail in the depiction of section 150 of the
airframe 110 1n FIG. 2.

FIG. 2 15 a sectional illustration 200 of composite mem-

bers 1 a composite structure system, according to one
embodiment. The section 150 of airframe 110 1s shown 1n
FIG. 2 without a skin member, such as the skin member 140
in FIG. 1. The section 150 includes frame components
210-1-210-6 which provide structural support to the air-
frame 110 and support for the skin member as described 1n
relation to FIG. 1.
In order to provide additional structural support, the
airframe 110 includes stringer components (herein stringers)
positioned between the various frame components. The
stringers include stringers 220-1-220-2, 225-1-225-2, 230-
1-230-2, 235-1-235-2, 240-1-240-4, 250-1-250-3, 255-1,
260-1-260-2, and 265-1-265-2. In some examples, due to the
varying shape and structure of the airframe 110, the stringers
have varying dimensions and shapes. These varying dimen-
sions 1nclude wvarying ply/book numbers (thickness),
lengths, internal cross-sections, curvature, etc. as described
in more detail herein. However, the various stringers may
include similar dimensions such that the stringers may be
grouped 1nto subsets of composite members. For example,
the stringers 220-1 and 220-2 are in a subset 220. Stringers
225-1 and 225-2 are part of subset 223, stringers 2335-1 and
235-2 are 1n subset 235, stringers 240-1-240-4 are 1n a subset
240, stringers 250-1-250-3 are 1n a subset 250, stringers
260-1 and 260-2 are 1n a subset 260, and stringers 265-1 and
265-2 are 1n a subset 265.

In some examples, the stingers 1n a same subset, such as
the stringer 220-1 and the stringer 220-2 may have different
shapes or other dimensions, but are the outer shapes are
similar enough to utilize a same repair component as
described 1n more detail herein. Varying shapes and dimen-
sions are shown in more detail in relation to FIGS. 3A and
3B.

FIGS. 3A-3C illustrate composite members with varying
geometries, according to embodiments described herein. For
example, FIG. 3A 1illustrates a cross-section view ol a
stringer 300 which may be any of the stringers described 1n
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relation to FIG. 2 in the aircrait 100. The stringer 300
includes tlanges 312-1 and 312-2 positioned on either side of
hat-stiffened structure 315. In some examples, the hat-
stiflened structure 3135 1s a hollow structure with an internal
space 310 and an outer geometry 316 on the surface 314 of
the hat-stiffened structure 315. The size of the hat-stiffened
structure 3135 and the internal space 310 1s specified in an
overall design of the airframe 110 and the geometry of the
hat-stiffened structure 315 and the internal space 310 pro-
vides the necessary structural support required by the
stringer 300. In some examples, the internal space 310 1s
consistent across many stringers, but the outer geometry,
such as the outer geometry 316 may change across the
stringers.

For example, FIG. 3B illustrates a cross-section view of

a stringer 320. The stringer 320 includes flanges 322-1 and
322-2 positioned on either side of hat-stiffened structure
325. The hat-stiffened structure 315 1s a hollow structure
with the internal space 310. In this example, the stringer 320
1s a composite stack with multiple books of composite
material, where each book may contain two plies of com-
posite material. The hat-stiffened structure 3235 includes
book 327 and book 328 which results 1n an outer geometry
326 of the hat-stiflened structure 325 on the surface 324. The
outer geometry 326 1s diflerent from the outer geometry 316
of the hat-stifiened structure 315 even though both the

hat-stitt

ened structure 315 and the hat-stiffened structure
325 share a same internal space such as the internal space
310. As discussed above, these varying outer geometries
results 1n varying needs for repair components among even
similar composite members (e.g., the stringers 300 and 320).
Additionally, geometries to a larger degree than the variation
between the stringers 300 and 320.

For example, FIG. 3C illustrates a cross-section view of

a stringer 330. The stringer 330 includes flanges 352-1 and
352-2 positioned on either side of hat-stiffened structure
355. The hat-stiffened structure 355 1s a hollow structure
with the internal space 350 and an outer geometry 336 on the
surface 354. In this example, the internal space 350 1s
smaller than the internal space 310 of the stringers 300 and
320, which results the outer geometry 336 being smaller
than both the outer geometry 316 and 326 the outer geom-
etry. These varying outer geometries are further altered by
the various installation points in the airframe 110. For
example, a stringer with a same cross-section geometry as
the stringer 330 at a given point may be curved or have
varying geometries along a length of the stringer. While
shown 1n FIGS. 3A-3C as 3 cases of varying geometries, the
multiple and varied geometries of composite members
across a composite structure system results 1n the large and
varted number of locations with unique geometries which
require unique repair solutions as described in relation to
FIGS. 4A-8C.

FIGS. 4A and 4B illustrate a repair component for a
composite member, according to embodiments described
herein. FIG. 4A 1s a cross-sectional view of a repair com-
ponent 400 and FIG. 4B 1s a perspective view ol the repair
component 400. The repair component 400 may be formed
from composite materials and includes a first flange section
420 and a second flange section 425. The repair component
400 also includes a repair section 405 between the first
flange section 420 and the second flange section 425. The
repair section 405 includes an 1internal cross-sectional profile
410 defined on a repair surtace 4135 the repair section 405.
In some examples, the repair section 405 1s positioned over
a damaged section of a composite member, such as the
stringers described in relation to FIGS. 3A-3C, where the
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repair surface 415 faces an external surface of the composite
member and the internal cross-sectional profile 410 matches
the external cross-sectional profile within a given tolerance.
An 1nstalled repair component 1s described in more detail in
relation to FIGS. 6-8C. In some examples, the external
cross-sectional profile defined on the external surface of the
composite member 1s a hat-stiffened structural profile as
shown 1n FIGS. 3A-3C, such that the internal cross-sectional
profile 410 1s also a hat stiffened structural profile.

In some examples, the repairr component 400 also
includes a plurality of bolt holes for attaching the repair
component to a composite member. For example, the repair
component 400 includes a first surface 430 on the first flange
section 420, the second flange section 425, and the repair
section 405. The first flange section 420 1ncludes a second
surface 422 opposite the first surface 430, the second flange
section 425 includes a third surface 427 opposite the first
surface 430. Bolt holes 440 are formed through the repair
component 400 from the first surface 430 to the surfaces of
the respective sections, including to one of the repair surface
415, the second surtace 422, and the third surface 427. In
some examples, the bolt holes 440 may be formed during the
tabrication process creating the repair component 400 or
may be formed during a repair of a damaged section of a
composite member. In some examples, the repair component
1s attached to the composite member via a plurality of
fastened bolts, where each fastened bolt of the plurality of
fastened bolts 1s positioned 1n a respective bolt hole of the
bolt holes 440.

In some examples, the repair component imncludes a fab-
rication length 450 which may be a standard length (e.g., 76
inches, etc.), The repair component 400 1s cut down to a
selectable length shorter than the fabrication length 450,
prior to attachment to the composite member as described in
more detail 1n relation to FIGS. 6-8C. As described above,
composite members 1 a composite structure system may
include a variety of shapes and geometries such as an
individual generic repair component may not fit over a
composite member for repair. Thus an assortment of repair
components 1n a repair system 1s needed provide for repair-
Ing a composite structure system.

FIGS. 5A and 5B illustrate a repair system 500 for a
composite structure system, according to one embodiment.
The repair system 500 includes a total set 505 of repair
components, include repair component similar to the repair
component 400 1n FIG. 4. The total set 505 includes a
plurality of repair component subsets. For example, the total
set 505 1ncludes subsets 510, 515, 520, 525, 530, and 535.
In some examples, each repair component 1 respective
repair component subset includes features for repairing a
subset of composite members 1 the composite structure
system. The total set 505 may include enough varying
subsets of repair components to provide prefabricated repair
components for a large number composite members for a
composite structure system, such as the aircraft 100. The
total set 505 and the repair system 500 provide a number of
interchangeable repair components that 1s far less than a
number of unique composite members and may be utilized
in a shorter amount of time than fabricating a unique repair
component for a damaged composite member.

For example, the subset 510 may be used to repair the
subset 220 and the subset 2635 described 1n relation to FIG.
2. For example, the si1zing of each repair component 311 of
the subset 510 includes sizing dimensions suitable to repair
the subset of composite members 1n the subset 220 and 2635.
Each repair component 511 of the subset 510 includes the
various features for repairing a subset of composite mem-

10

15

20

25

30

35

40

45

50

55

60

65

8

bers. The features may include at least a first flange section,
a second tlange section; and a repair section as described 1n
relation to FIGS. 4A and 4B. The various subsets of repair
components may include differing geometries and shapes.
For example, the subsets 510, 520, and 530 have diflering
internal cross-sectional profiles. Additionally, the subsets
515, 525, and 335 are formed from multiple books of
composite material to provide a varying levels shapes and
structural support requirements for the composite structure.

In some examples, the components 1n a subset of repair
components may not have a precise geometrical match to a
subset of composite members. For example, the repair
component 511 may be used to match the geometries of the
stringer 220-1 1n subset 220 without any spacing between
the surfaces of the composite member and the repair com-
ponent. In another example, the repair component 511
positioned over the stringer 265-1 may {it relatively well, but
include space or gaps (1.e. air gaps) between the repair
component and the composite member. In some examples,
the repair system 500 1ncludes a set of prefabricated shims
including shims 550 and 555. The set of prefabricated shims
are configured to fill an air gap and may be used to fill any
gaps between a repair component and the composite mem-
ber, as described in more detail 1n relation to FIGS. 6-8C.

FIG. 6 1s a flowchart for a method 600 to repair a
composite member using a repair system, according to one
embodiment. FIGS. 7A-7B and 8A-8C illustrate steps 1n a
method to repair a composite member using a repair system,
according to one embodiment. For ease of discussion, ref-
crence will be made to FIGS. 7TA-7B and 8A-8C during the
discussion of the method 600.

Method 600 begins at block 605 and i1ncludes selecting a
repair component for a damaged section of a composite
member from a repair component system based on an
external cross-sectional profile of the composite member.
For example, as shown in FIG. 7A, a composite member 710
1s 1nstalled 1 a composite structure system, such as the
aircraft 100, between frame components 705. The composite
member 710 has suflered some damage 712 1n a damaged
section 711. In some examples, the damaged section 711 1s
less than the whole of the composite member 710 and has a
length of 715. In another example, an entire length of the
composite member may be in the damaged section 711 and
require a repair component.

The damaged section 711 has an external cross-sectional
profile 716 which may include any of the profiles of the
stringers discussed in relation to FIGS. 3A-3C. Selecting the
repair component 1s based on the external cross-sectional
profile 716 and includes selecting a repair component 720
shown 1n FIG. 7B from a repair system, such as the repair
system 500 a corresponding repair component for repairing,
the damaged section 711. In some examples, the correspond-
ing component may be defined 1n a component map for the
composite structure system and the repair system 500. In
some examples, method 600 1includes determining a select-
able length 722 for the repair section based on a lateral
length of the damaged section of the composite member
such as the length 715 and cutting the selected repair
component from a fabrication length 721 to the selectable
length 722.

Method 600 continues at block 610 and includes posi-
tioning the repair component over the damaged section such
that a first flange section of the repair component 1s posi-
tioned on a first side of the composite member, a second
flange section of the repair component 1s positioned over a
second side of the composite member, and a repair section
of the repair component, between the first flange section and
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the section flange section, 1s positioned over at least the
damaged section of the composite member as shown 1n
FIGS. 8A-8C.

For example, as shown 1n FIG. 8A, the repair component
720 1s positioned over the damaged section 711 of the
composite member 710 such that a first flange section 821 of
the repair component 720 1s positioned over a {irst side 811
of the composite member, a second flange section 822 of the
repair component 720 1s positioned over a second side 812
of the composite member 710, and a repair section 823
between the first flange section 821 and the section flange
section 822 of repair component 720 1s positioned over at
least the damaged section 711 of the composite member 710.

In some examples, the repair section 825 includes an
internal cross-sectional profile 826 defined on a repair
surface 827 of repair section 8235, where the repair surface
827 faces an external surface 817 of the composite member
710, In some examples, the composite member 710 includes
an external hat-stiffened structural profile defined on the
external surface 817, and the internal cross-sectional profile
826 matches the external hat-stiffened structural profile 816
within a given tolerance. In some examples, the mismatch
between the geometries of the two sections creates air gaps
850 between the repair component 720 and the composite
member 710. In an example where the air gaps are larger
than the tolerance level, [the] shims 860 may be used to
provide necessary support and decrease or eliminate the air
gaps. For example at block 615 and 620 method 600
includes determining an air gap between a positioned repair
component and a composite member and selecting at least
one shim component from a repair component system to fill
the air gap. For example, a thickness of the air gap may be
measured 1n order to determine a thickness of shims 860
need to fill the air gap. Method 600 also includes, at block
623, positioning one or more shims 860 1nto the air gaps 850
between the repair component 720 and the external surface
817 of the composite member to provide additional struc-
tural support as shown in FIG. 8B. In some examples, the
shims 860 comprise a group of individual shims, such as
without limitation shims 550 and 355 nested on top of each
other 1n order to fill the air gap 850 (1.e. 111l the determined
thickness of the air gap as determined at block 615).

At block 630, method 600 includes attaching the posi-
tioned repair component to the composite member. For
example, as shown 1n FIG. 8C, the repair component 720 1s
attached to the composite member 710 using bolts 8735
positioned through various bolt holes 870 formed 1n through
the composite member 710 and the repair component 720,
and the shims 860 as described in relation to FIGS. 4A and
4B. In some examples, attaching the positioned repair com-
ponent includes: positioning a plurality of bolts through the
plurality of bolt holes such that the bolts pass through the
repair component and the composite member and fastening,
the plurality of positioned bolts to secure the repair compo-
nent to the composite member.

In the current disclosure, reference 1s made to various
aspects. However, 1t should be understood that the present
disclosure 1s not limited to specific described aspects.
Instead, any combination of the following features and
clements, whether related to different aspects or not, is
contemplated to implement and practice the teachings pro-
vided herein. Additionally, when elements of the aspects are
described 1n the form of ““at least one of A and B.” it will be
understood that aspects including element A exclusively,
including element B exclusively, and including element A
and B are each contemplated. Furthermore, although some
aspects may achieve advantages over other possible solu-
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tions and/or over the prior art, whether or not a particular
advantage 1s achieved by a given aspect 1s not limiting of the
present disclosure. Thus, the aspects, features, aspects and
advantages disclosed herein are merely 1llustrative and are
not considered elements or limitations of the appended
claims except where explicitly recited 1n a claim(s). Like-
wise, reference to “the invention” shall not be construed as
a generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or

limitation of the appended claims except where explicitly
recited 1n a claim(s).

As will be appreciated by one skilled 1n the art, aspects
described herein may be embodied as a system, method or
computer program product. Accordingly, aspects may take
the form of an entirely hardware aspect, an entirely software
aspect (including firmware, resident software, micro-code,
etc.) or an aspect combining software and hardware aspects
that may all generally be referred to heremn as a *““circuit,”
“module” or “system.” Furthermore, aspects described
herein may take the form of a computer program product
embodied 1n one or more computer readable storage
medium(s) having computer readable program code embod-
ied thereon.

Program code embodied on a computer readable storage
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RE, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present disclosure may be written 1n any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The program
code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone soitware package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

Aspects of the present disclosure are described herein
with reference to tflowchart illustrations and/or block dia-
grams ol methods, apparatuses (systems), and computer
program products according to aspects of the present dis-
closure. It will be understood that each block of the tlow-
chart 1llustrations and/or block diagrams, and combinations
of blocks 1n the flowchart illustrations and/or block dia-
grams, can be implemented by computer program instruc-
tions. These computer program instructions may be pro-
vided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified 1n the block(s) of
the flowchart illustrations and/or block diagrams.

These computer program instructions may also be stored
in a computer readable medium that can direct a computer,
other programmable data processing apparatus, or other
device to function i1n a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including mstructions which
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implement the function/act specified 1n the block(s) of the
flowchart 1llustrations and/or block diagrams.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other device to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process such that the mnstructions which execute on
the computer, other programmable data processing appara-
tus, or other device provide processes for implementing the
functions/acts specified in the block(s) of the flowchart
illustrations and/or block diagrams.

The flowchart illustrations and block diagrams in the
Figures illustrate the architecture, functionality, and opera-
tion of possible implementations of systems, methods, and
computer program products according to various aspects of
the present disclosure. In this regard, each block 1n the
flowchart 1llustrations or block diagrams may represent a
module, segment, or portion of code, which comprises one
or more executable istructions for implementing the speci-
fied logical function(s). It should also be noted that, 1n some
alternative implementations, the functions noted 1n the block
may occur out of the order noted in the Figures. For
example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order or out of order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustrations, and combinations of blocks in the block dia-
grams and/or flowchart illustrations, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.

While the foregoing 1s directed to aspects of the present
disclosure, other and further aspects of the disclosure may be
devised without departing from the basic scope thereot, and
the scope thereol 1s determined by the claims that follow.

What 1s claimed 1s:

1. A repair set configured to repair a number of composite
members, wherein the repair set comprises:

a number of repair components that is less than the
number ol composite members, wherein each repair
component in the number of repair components:
1s not shaped as a geometrical match to any composite

member 1n the number of composite members; and

1s shaped to overlay and repair more than one compos-
ite member 1n the number of composite members and
COMprises:
a repair section configured for placement adjacent to
a damaged section of a composite member 1n the
number of composite members; and
sections adjacent on both sides of the repair section,
wherein each section of the sections comprises,
respectively, a bolt hole; and
a set of shims prefabricated 1n shapes configured to
supplement the number of repair components and fill:
a first air gap between the repair section and a damage
of the composite member; and

a second air gap between an adjacent section of the
sections and an undamaged surface of the composite
member; and

wherein the composite member comprises a stringer com-
ponent 1n an aircrait.

2. The repair set of claim 1,

wherein the sections comprise a first surface on a first
flange section, a second flange section, and the repair
section,
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wherein the first flange section comprises a second sur-
face opposite the first surface,

wherein the second flange section comprises a third
surface opposite the first surface, and

wherein at least one shim in the set of shims comprises a
second bolt hole configured to align with the bolt hole
in the adjacent section; and

wherein a repair component 1 the number of repair
components 1s attached to the composite member via a
plurality of fastened bolts, wherein each fastened bolt
of the plurality of fastened bolts 1s positioned 1n the
respective bolt hole.

3. The repair set of claim 1, wherein each repair compo-

nent comprises a composite material.

4. The repair set of claim 1, wherein a repair component
in the number of repair components comprises a fabrication
length, wherein the repair component 1s cut down to a
selectable length shorter than the fabrication length prior to
attachment to the composite member.

5. The repair set of claim 1, wherein:

the shims 1n the set of shims are prefabricated as dual-ply;
and

a repair surface of the repair section faces an external
surface of the composite member, wherein the first air
gap 1s between the repair surface and the external
surface.

6. The repair set of claim 5, wherein an external cross-
sectional profile defined on the external surface of the
composite member comprises a hat-stiffened structural pro-
file.

7. A repair system for a composite structure system,
wherein the repair system comprises:

a total set of repair components that comprise a plurality
of repair component subsets that each comprise a
number of repair components less than a number of
composite members 1n a subset of composite members
of the composite structure system, wherein each repair
component 1n a repair component subset:
1s not shaped as a geometrical match to any composite

member 1n the number of composite members; and

1s shaped to overlay and repair more than one compos-
ite member 1n the subset of composite members and

COMprises:

a repair section formed for placement adjacent to a
damaged section of a composite member 1n the
subset of composite members 1 the composite
structure system; and

sections adjacent on both sides of the repair section,
wherein each section of the sections comprises,
respectively, a bolt hole;

a set of dual-ply prefabricated shims sized as comple-
ments compliments to the repair component subset and
to 11ll:

a first air gap between a damaged section of a com-
posite member in the subset of composite members
and the repair section; and

a second air gap between an adjacent section of the
sections and an undamaged surface of the composite
member

wherein the composite structure system comprises an
aircraft, wherein the subset of composite structures
comprises a plurality of stringer components in the
aircraft, and wherein the damaged section of the com-
posite member 1s a section of a stringer in the aircrafit.

8. The repair system of claim 7, wherein each repair
component and each of the at least one shim comprises a
composite material.
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9. The repair system of claim 7, wherein each repair
component comprises a fabrication length, wherein a respec-
tive repair component 1s cut down to a selectable length
shorter than the fabrication length, prior to attachment to the
damaged section of the composite member.

10. The repair system of claim 7, wherein each repair
component subset of the plurality of repair component
subsets comprises at least one repair component that com-
prises sizing dimensions suitable to repair the subset of
composite members, and where each repair component of a
repair component subset comprises:

a first flange section;

a second flange section; and

a repair section between the first flange section and the

second flange section that comprises an internal cross-
sectional profile defined on a repair surface of repair
section, where the repair section 1s positioned over at
least a damaged section of a composite member of the
subset ol composite members, where the repair surface
faces an external surface of the composite member,
wherein the first air gap 1s between the repair surface
and the external surface, where the composite member
comprises an external cross-sectional profile defined on
the external surface, and where the internal cross-
sectional profile matches the external cross-sectional
profile within a given tolerance.

11. The repair system of claim 10, wherein the external
cross-sectional profile comprises a hat-stiffened structural
profile.

12. The repair system of claim 10, wherein each repair
component comprises a first surtace on the first flange
section, the second tlange section, and the repair section,

wherein the first flange section comprises a second sur-

face opposite the first surface,

wherein the second flange section comprises a third

surface opposite the first surface, and

wherein a repair component 1n the repair component

subset further comprises a plurality of bolt holes,
wherein each bolt hole of the plurality of bolt holes 1s
formed through the repair component from the first
surface to one of the repair surface or the second
surface; and

wherein the repair component 1s attached to a damaged

composite member via a plurality of fastened bolts,

wherein each fastened bolt of the plurality of fastened
bolts 1s positioned in a respective bolt hole of the
plurality of bolt holes.

13. A method for repairing a composite member, the
method comprising:

determining an air gap between a positioned repair com-

ponent and a composite member;

selecting at least one prefabricated dual-ply shim compo-

nent from a repair component system comprising:

a total set of repair components comprising a plurality
of repair component subsets each comprising a num-
ber of repair components less than a number of
composite members 1n a subset ol composite mem-
bers comprising the composite member, wherein
cach repair component in a repair component subset:

1s not shaped as a geometrical match to any com-
posite member in the subset of composite mem-
bers; and

1s shaped to overlay and repair more than only the
composite member 1n the subset of composite
members and comprises:
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a repair section formed for placement adjacent to
a damaged section of the composite member;
and
sections adjacent on both sides of the repair sec-
tion, wherein each section of the sections com-
prises, respectively, a bolt hole;
a set of shims prefabricated 1n dual-ply and configured
to fll:
the air gap between a damaged section of a compos-
ite member 1n the subset of composite members
and the repair section; and
a second air gap between an adjacent section of the
sections and an undamaged surface of the com-
posite member;
positioning the at least one prefabricated dual-ply shim to
{11l the air gap; and

attaching the positioned repair component and the at least
one prefabricated dual-ply shim to the composite mem-
ber; and

wherein the composite member comprises a stringer coms-

ponent 1n an aircratit.

14. The method of claim 13, further comprising:

selecting a repair component for a damaged section of the

composite member from the repair component system
based on an external cross-sectional profile of the
composite member; and

positioning the repair component over the damaged sec-

tion such that a first flange section of the repair com-
ponent 1s positioned on a first side of the composite
member, a second flange section of the repair compo-
nent 1s positioned over a second side of the composite
member, and a repair section of the repair component,
between the first flange section and the second flange
section, 1s positioned over at least the damaged section
of the composite member.

15. The method of claim 14, further comprising:

determining a selectable length for the repair section

based on a lateral length of the damaged section of the
composite member; and

cutting the repair component from a fabrication length to

the selectable length.

16. The method of claim 14, wherein the repair section
comprises an internal cross-sectional profile defined on a
repair surface of a repair section, wherein the repair surface
faces an external surface of the composite member, wherein
the composite member comprises an external hat-stiffened
structural profile defined on the external surface, and where
the internal cross-sectional profile matches the external
hat-stiffened structural profile within a given tolerance.

17. The method of claim 16,

wherein the repair component comprises a first surface on

the first flange section, the second flange section, and
the repair section,

wherein the first flange section comprises a second sur-
face opposite the first surface, wherein the second
flange section comprises a third surface opposite the
first surface, and wherein the repair component turther

comprises a plurality of bolt holes, wherein each bolt

hole of the plurality of bolt holes 1s formed through the
repair component from the first surface to one of the
repair surface, the second surface, and the third surface;
and

wherein attaching the positioned repair component to the
composite member comprises:

positioning a plurality of bolts through the plurality of
bolt holes such that the bolts pass through the repair
component and the composite member; and
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fastening the plurality of bolts to secure the repair com-
ponent to the composite member.
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